Aims. We search for young stellar objects (YSOs) in the L1641N cluster and characterize the star formation activity through determination of the age distribution, mass function, spatial distribution, and the star formation history.
Introduction
Lynds 1641 (L1641) is a dark molecular cloud, located in the southern part of our nearest giant molecular cloud Orion A (d∼450 pc). It is a site of active star formation with a lot of very young stars. L1641 is therefore ideal for studying both the stars themselves and the related Herbig-Haro (HH) outflows.
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Based on observations made with the Nordic Optical Telescope, operated on the island of La Palma jointly by Denmark, Finland, Iceland, Norway, and Sweden, in the Spanish Observatorio del Roque de los Muchachos of the Instituto de Astrofisica de Canarias.
This work is based in part on observations made with the Spitzer Space Telescope, which is operated by the Jet Propulsion Laboratory, California Institute of Technology under a contract with NASA.
Based on observations with ISO, an ESA project with instruments funded by ESA Member States (especially the PI countries: France, Germany, the Netherlands and the United Kingdom) and with the participation of ISAS and NASA.
Attention was drawn to the northern part of the cloud, simply called L1641N, in the mid 80s with the discovery of a molecular outflow (Fukui et al. 1986 ) at the position of the mid-IR bright source IRAS 05338-0624. Many studies have investigated the nature of this source, Fukui et al. (1988) found well-separated lobes to the north (blue-shifted) and south (red-shifted) of the IRAS source using CO observations of higher resolution. Further observations have been made through molecular line studies (e.g. Chen et al. 1996 , Sakamoto et al. 1997 , Stanke & Williams 2007 , Optical and near-IR surveys (e.g. Strom et al. 1989 , Hodapp & Deane 1993 , Chen et al. 1993 ) and in the mid-IR (Ali et al. 2004) .
L1641N is presently the most active site of low-mass star formation in the L1641 molecular cloud and has one of the very highest concentrations of HH objects known anywhere in the sky (Reipurth el al. 1998) . HH shocks in these flows have been observed in both the near-IR 2.12 µm line of H 2 (Stanke et al. 1998 ) and in the usual optical shock lines Hα and the [SII] doublet (Reipurth et al. 1998 and Mader et al. 1999 ).
In this article we make the most detailed mid-IR study yet of L1641N using both our ISO observations and the much more sensitive and higher resolution Spitzer data to survey the region for YSO candidates and determine the mass function in L1641N. Even though the Spitzer observations cover a much larger region, we have restricted ourselves to the region we selected for our ISOCAM observations in order to get a more complete wavelength coverage and because L1641N is the most dense, active part of L1641. We have also made additional near-IR and optical ground-based imaging and taken optical spectra of many of the objects, to be able to confirm the YSO status and to estimate their effective temperatures. Finally, as part of this study, we have also made deep narrow band observations using a 2.12 µm H 2 S(1) filter to study the numerous H 2 sources in the region (Gålfalk & Olofsson 2007 ).
Observations and reductions

Space based
Mid-IR observations were carried out using six filters centred in the wavelength range 3.6 -14.3 µm using ISOCAM onboard the ISO satellite and IRAC onboard the Spitzer Space Telescope.
ISO satellite
We have used the ISOCAM instrument onboard the ISO satellite (60 cm primary mirror) to observe L1641N at mid-IR wavelengths as part of a mid-IR star formation survey (principal investigator L. Nordh). Our observations were made using two broad-band filters at 6.7 and 14.3 µm. Centred on the IRAS source 05338-0624 they cover an area of 8. 35 × 7. 60 ∼ 0.0176 sq.deg. (63.5 sq.arcmin).
All imaging was done at a PFOV of 3 and the integration time of each transmitted 32 × 32 pixel frame was 2.1 s. For both filters the full 10×9 mosaic of 90 images uses 1550 frames, thus at least 17 frames are combined at each position, forming images with a temporal history which is used to e.g. remove cosmic rays and source transients (ghost sources) from previous mosaic positions. There is also a spatial redundancy in both equatorial directions due to image overlaps, which is necessary to avoid having a source imaged on the same array pixels, especially on the unfortunate dead column (No 24) . This of course also means that we have an increased total exposure time and temporal history in overlapping regions.
For the data reduction we used the CIA V4.0 package (Ott et al. 1997; Delaney et al. 2000) and the SLICE package (Simple & Light ISOCAM Calibration Environment) accessed from inside CIA. The CIA reduction steps consisted of (in order): Extracting useful observations, dark correction (Vilspa dark model, Biviano et al. 2000) , glitch removal (multiresolution median transform, Starck et al. 1996) , short transient correction (Fouks-Schubert model, Coulais & Abergel 2000) , flatfielding (constant median flatfield from observations). We also used a set of our own programs for source detection and photometry. Fig. 1 . System transmission curves of IRAC channels 1-4 (Spitzer). The four major bands of PAH emission are marked by dotted lines. IRAC channel 4 (centred at 8.0 µm) contains two strong bands while images in channel 2 have very smooth backgrounds as they are essentially free from PAH emission.
As a last step, all frames were projected into mosaics in both filters, followed by point source detection and aperture photometry. All point sources were traced back to their corresponding original frames for temporal and spatial verification (in order to exclude remaining artefacts). For the photometry, the point spread function was used to correct for the flux outside of each aperture. In total 41 sources were detected, with photometry possible for all sources at 6.7 µm and for 31 of these at 14.3 µm.
Even though the integration time was 2.1 s for each frame and there are about 17 frames for each image, the total exposure time for a given pixel in the mosaic varies between 36 s and 143 s due to the varying number of overlaps. Thus, it is expected that the faintest sources will generally be detected away from the mosaic edges. From mean temporal and sky noise calculations of all detected ISOCAM sources in L1641N, the photometric uncertainties are estimated to be (1σ) 2.9 mJy at 6.7 µm and 5.4 mJy at 14.3 µm which also approximately represent the detection limits. However, such faint sources are only detected in low nebulosity regions that are free of artefacts. On the other hand the surveyed region is not completely mapped down to the 1σ level, since it is possible that even sources brighter than 3σ (8.7 mJy and 16.2 mJy respectively) may have been unnoticed due to varying nebulosity, glitches, memory effects, uncovered dead columns and source confusion close to very bright sources.
In order to convert mJy fluxes into 6.7 µm and 14.3 µm magnitudes, we have used the zero-magnitude flux densities given in Blommaert et al. (2003) which gives the following relations: m 6.7 = 12.39 − 2.5 log 10 F 6.7 m 14.3 = 10.74 − 2.5 log 10 F 14.3
Optical photometry (I band)
The I band observations were obtained on Dec. 04 2003 using the ALFOSC (Andalucia Faint Object Spectrograph and Camera) with an average seeing of about 1. 1 (in the I band). This instrument has a 2048 × 2048 CCD and at a PFOV of 0. 188/pixel it has a FOV of about 6. 4 × 6. 4. A 5 × 5 mosaic was made with individual exposure times of 60 s using step sizes of 23 and 30 in RA and Dec respectively, meaning a total exposure time of 25 minutes throughout most of the mosaic. Aperture photometry was then carried out on all visible sources using our own ALFOSC IDL-scripts.
Optical spectroscopy (5780-8340 Å)
ALFOSC long-slit spectra were obtained during six nights at the NOT, Dec. 02-04 2003 and Jan. 08-10 2005, using grism #8 which yields spectra in the wavelength range 5780-8340 Å. We used a fairly wide slit (1. 2) in order to minimize slit losses (the seeing was on average ∼1. 0).
The selected wavelength range covers some very interesting lines for low-mass star formation, as they are signatures of youth (Li 6707 in absorption), accretion (Hα in emission) and a number of TiO and VO bands that can be effectively used in the spectral classification of late-type stars. Since these sources are relatively faint in the optical we had to use total exposure times ranging from 40-120 min for many sources, but whenever possible we tried to put 2-3 stars on the same slit. The total exposure time used for the spectroscopy is about 35 hours.
Standard subtraction of bias and dark current was carried out, however, the spectroscopic flatfielding was complicated by strong fringing. Great care had to be taken in order to correctly remove this fringing, which otherwise becomes a problem in the red part of the spectrum. Halogen flats were taken at each source position directly after each observation since the pattern varies with position and time. Also, a constant was fit and added prior to flatfielding in order to fine-tune the pattern removal because of background variations. For full-size frames this constant was found from the overscan region, and iterated in sub-frame exposures.
For wavelength calibration we used 29 Ne lines in long and short exposures of a Ne calibration lamp to be able to measure both bright and faint lines. A polynomial fit with all these Ne lines included was made at each spatial position along the slit (meaning 2048 solutions). These fits were also used to unbend the spectra in the wavelength direction. Distortion correction was made in the spatial direction using calibration stars at different positions on the slit. For each spectrum a constant shift was also applied to correct for small shifts of the whole wavelength scale with different alt-az positions of the telescope (for this we used several skylines).
2.2.3. Near-IR photometry (J, K S , L' and 2.12 µm H 2 )
The J band images were observed with NOTCam (near-IR camera) on the night of Dec. 10 2003 using 70 exposures of 48 s with random small-step dithering in between. These observations cover the central part of L1641N as illustrated by the green square in Fig. 3 (NOTCam has a square FOV of 4 and a pixel size of 0. 235) and was made as a complement to the 2MASS J photometry to measure fainter sources. There were thin cirrus covering the sky that night so we have used relative photometry with 2MASS sources for calibration.
We have selected two regions for K S band imaging (48 and 24 minutes total exposure times, respectively). These observations were made together with deep 2.12 µm H 2 S(1) observations (175 and 100 minutes) as part of a related project to measure the proper motions of H 2 objects in L1641N (Gålfalk & Olofsson 2007) . In the present paper we focus on the K S photometry, for which we detect point-sources down to K S ∼ 19.5 mag. The observations are also used to detect wide double sources and for aperture photometry of these. The observations were made on two photometric nights, Dec. 13-15 2005, with an average seeing of 0. 75 (0. 60-0. 85) using NOTCam with the newly installed science-grade array. NOTCam is an HAWAII 1024 × 1024 × 18.5 µm pixels HgCdTe array with a field-of-view of 4. 0 × 4. 0. Both regions include the centre of L1641N, which thus has an increased total exposure time. Besides the usual reduction steps of near-IR imaging, we have used our NOTCam model (Gålfalk 2005) to correct for image distortion and some other in-house routines (written in IDL) to find and remove bad pixels, shift-add images and to remove all the dark stripes that results from lowered sensitivity after a bright source has been read out of the detector.
To probe the central ∼ 1 of L1641N (Fig. 2) we have used our own instrument SIRCA (Stockholm IR Camera) for observations in the L band (3.8 µm). Observations were carried out 20-21 December 2002. SIRCA uses a 320×256 pixel InSb array, yielding a FOV of 70 ×56 when mounted on the NOT. In these observations we used an individual exposure time of 200 ms, 5 readouts per chopper position, 5 chopper cycles and 54 ABBA nodding cycles of the telescope. This gives a total exposure time of 0.2×5×2×5×4×54 = 2160 seconds (36 minutes). The weather was not fully photometric that night so we had to use relative photometry from a previous test night (which of course had a much shorter total exposure time) to be on the safe side. Therefore the uncertainties may seem larger than the exposure time would suggest. Flatfielding was done differentially by chopping between the cold interior of the camera and the much hotter mirror cover of the telescope.
Additional observations
We have used the 2MASS archive (Cutri et al. 2003 (Cutri et al. -2006 for regions of L1641N where we lacked J or K S photometry. Given that this is an all-sky survey, it cannot have the high sensitivity and resolution obtainable from target specific observations. It still does a fairly good job filling in photometry of sources outside of our selected J and K S fields.
Results and discussion
General impression and mosaics
The final reduced Spitzer mosaic (using our own routines) is presented in Fig. 3 as a colour image using three of the four IRAC channels (blue = 3.6 µm, green = 4.5 µm and red = 8.0 µm). One outstanding feature in this image is the very bright extended emission at 8.0 µm (also present in the 5.8 µm channel but not as bright). The reason for this emission can be seen in Figure 1 , it is caused by Polycyclic Aromatic Hydrocarbons (PAHs), molecules built up of benzene rings which emit most strongly in IRAC 4, followed by IRAC 3, IRAC 1 and finally IRAC 2 which is essentially PAH free.
Since the PAH emission in L1641N is very bright and seen across the whole mosaic (see Fig. 3 ) the UV radiation causing the excitation must be illuminating the cloud uniformly. We suggest that the illuminating source is ι Orionis (HD 37043), located about 30 to the north. This star has a O9 III spectral type and a parallax of 2.46 ± 0.77 mas according to the Hipparcos catalogue, corresponding to a distance of about 400 pc (310-592 pc) . This fits in very well with the assumed distance to L1641N of about 450 pc and puts the suggested star at a similar or somewhat closer distance than L1641N. Their separation in the plane of the sky, if equal distances are assumed, is about 3.5 pc. Fig. 3 . Spitzer composite of 3.6 µm (blue), 4.5 µm (green) and 8.0 µm (red). All our sources are marked by circles. Sources for which we have spectroscopy have thick, dashed circles. The surveyed region has a size of 8. 45 × 7. 38 (1.11 × 0.97 pc at a distance of 450 pc), although the field size in this Figure has been made larger to give a better overview of the region. The green square outlines our J band observations. Our two K S mosaics (and shocked 2.12 µm H 2 ) are presented in Figures 22 and 23 with all K S counterparts to Spitzer sources marked by circles. There is a large amount of shocked H 2 in these mosaics, much of which can also be seen in the IRAC images (especially in the 4.5 µm channel). For a further discussion on the H 2 flows see Gålfalk & Olofsson (2007) and Stanke et al. (1998 Stanke et al. ( , 2000 . 
Photometry and source catalogue
We have carried out photometry in all filters of the groundbased (I, J, K S , L') and space-based (3.6, 4.5, 5.8, 6.7, 8.0 and 14.3 µm) observations within the area covered by the ISO observations. The full source list is basically the full Spitzer sample in L1641N (any sources seen with IRAC are included in the list), with (a few) additional sources added from the I band mosaic.
In total we include 216 sources in our L1641N catalogue. In order to keep the Table width down we have divided our  photometry into two Tables. Table 9 contains space-based photometry from the ISO and Spitzer telescopes and Table 10 the ground-based photometry. We have also observed a small number of these sources in the L' band (see Table 3 ). Source numbering is by a common cloud number, i.e. the same for all filters and increasing from west to east.
Spitzer sources that appear double in our ground based observations (cf Sect. 3.7.3), will in the following be called double sources, including both gravitationally bound and optical binary sources. In all Tables we use bold source numbers for sources where we have found intrinsic IR excess.
One way of checking the ISO and Spitzer photometry, although observed using different filters, is to plot the ISOCAM LW2 channel (6.7 µm) versus the mean of IRAC channels 3 (5.8 µm) and 4 (8.0 µm). Points should then roughly follow a line with fluxes being equal on both axes. This is shown in Fig. 4 using both our ISOCAM photometry and that of Ali et al. (2004) . Our ISOCAM photometry agrees very well with the more accurate Spitzer photometry, whereas the ISOCAM photometry of Ali et al. seems to systematically underestimate the fluxes by a large factor (even more so at 14.3 µm) and as an average their flux densities needs to be multiplied by a factor of 1.41 (6.7 µm) and 1.88 (14.3 µm) respectively to agree with the Spitzer data.
Our ISOCAM circular aperture photometry uses well tested routines which have been used in several previous papers , Persi et al. 2000 , Bontemps et al. 2001 , our Spitzer photometry uses another set of routines that we wrote especially for the Spitzer data. That fact that they agree very well with each other, although using different routines and calibrations (not done by the same people), indicates that both our ISO and Spitzer photometry are reliable. In total we detect 211 sources in the Spitzer mosaics and 43 of these in the ISOCAM images (Ali et al. 2004 detected 34 sources).
The central region and IRAS 05338-0624
The optically invisible source IRAS 05338-0624 is one of the most luminous IRAS sources detected in the region and in fact the only IRAS source in L1641N. It has been suggested that its counterpart is N15 or N1 of Chen et al. (1993) , corresponding to L1641N-124 and 116 in our numbering scheme. Given the uncertainty ellipse of the IRAS measurements and the new sources we see in our K S and Spitzer observations, it can be seen in Fig. 5 that the situation is probably much more complicated than just one source being its counterpart.
Within the IRAS beam we detect four sources: L1641N-115, 116, 123 and 124, all fairly bright in the mid-IR, so we conclude that the IRAS source is in fact the added flux of a number of sources (with No. 124 clearly being the brightest in the mid-IR). There is also some mid-IR reflection nebulosity in the central region that can be part of this flux, as can be seen in our L' image (Fig. 2) . Chen et al. (1995) observed a dust peak in the 2 mm continuum (3 beam) close to the IRAS position and suggested that this could be a circumstellar dust disk. This scenario fits very well with our observations, as a jet with a chain of H 2 knots seems to emanate from this position. Our L' image only shows extended nebulosity at L1641N-116 (N1), suggesting that only reflection nebulosity is seen in the 3.6 µm Spitzer data. This could also be the case for the 4.5 µm channel (possibly also some H 2 emission) and the M band observations of Chen et al. (1993) and at even longer wavelengths given the ISO and Spitzer fluxes (ISO has a larger beam and thus measures more extended flux).
There is one more bright mid-IR source in the vicinity of the central region, and that is L1641N-172. However, given that it is located more than an arc minute (86 ) from IRAS 05338-0624, and the fact that it has brightened considerably the last decade (Gålfalk & Olofsson 2007 ) makes this a very unlikely counterpart. Since only one IRAS source was detected in L1641N, L1641N-172 was probably much fainter at the time of the IRAS observations and thus not detected. Fig. 5 . The central region of L1641N in a composite using I (blue colours), 2.12 µm H 2 S(1) (green) and K S (red) filters. The big ellipse marks IRAS beam centred on IRAS 05338-0624, circles denote our sources and plus signs are corresponding sources of Chen et al. (1993) . The square is centred on the 2 mm dust peak (see text). The field shown has a size of 83. 0 × 80. 5 for both images.
The source density is clearly much higher at the centre of L1641N than in the outer parts, and judging from the H 2 flows (Figures 22 and 23 ) there should be several very young (Class 0) YSOs in that region. These are however much too deeply embedded to be included in our MF calculations (which needs detections in the I and J bands). For further studies of the central region we refer to Chen et al. (1996) and Stanke & Williams (2007) .
Identifying stars with intrinsic IR excesses
Intrinsic colours for normal stars
The main problem of using available empirical colour information for normal stars is the differences between the detailed response functions, which may result in relatively large errors, in particular for late M stars. For this reason we use theoretical colours calculated by convolution of the filter response functions and synthetic spectra. We have chosen the BaSeL 2.2 spectral library with corrected SEDs (Lejeune et Fig. 6 . Stellar models (BaSeL v2.2) for log g = 4.5 and T eff = 2 000 -10 000 K. Overplotted are the ground based filter transmission curves (I, J and K S ) used in our observations. 
Main sequence, log g = 4.5 Supergiants, log g = 0.0 2400 1998, 2002) and limited the parameter space to T eff = 2 000-10 000 K, log g = 0, 3 and 4.5 and solar metal abundance. We use a A0 V model with T eff = 9500 K, log g = 4.0 and [Fe/H] = 0.0 to define zero-colours between all filters. In Figures 6 and 7 we have plotted all filter curves used for the colour calculations, together with synthetic stellar atmospheres of different temperatures (log g = 4.5). In Table 4 we summarize these calculations.
Finding excess stars from Spitzer and ISO data
The interstellar extinction is certainly less in the IRAC bands than in the near-IR, making it possible to separate normal and excess stars without first calculating the extinction to each source. In Fig. 8 we have used a Spitzer-only (4.5 and 8.0 µm) colour-magnitude diagram to find YSO candidates, taking into account the exclusion of both non-excess stellar and extragalactic sources. This method has been shown to be very efficient (see e.g. Jørgensen et al. 2006 and Harvey et al. 2006) .
The first criterion assumes that the colour index , suggests possible remaining extragalactic sources in the sample (sources that are obvious galaxies in our I or K S mosaics have already been excluded). As can be seen in Fig. 8 , five of our sources are located below this (dashed) line. Interstellar extinction, although low at 8.0 µm, may have pushed these sources below the line. Nevertheless, they must be considered less reliable YSO candidates than the others.
Due to the sensitivity limit of the 8.0 µm observations (high contrast background from PAH emission bands that effectively masks faint point sources at these wavelengths), there are sources in our list that lack detection at 8.0 µm, but still may exhibit intrinsic mid-IR excesses.
We find an excess at 8.0 µm for exactly 2/3 of the sources detected at 4.5 and 8.0 µm. It is however also noted that several of the non-excess sources are in fact YSOs, as confirmed by our spectroscopy. Figure 12 shows our ISOCAM colour-magnitude diagram for all sources detected at 6.7 and 14.3 µm. The symbols are the same as in the Spitzer plots. There is a very clear separation between non-excess and excess sources at these longer wavelengths and an excellent agreement between excess sources at 8.0 and 14.3 µm. Source L1641N-172, in the upper right corner of Fig.12 , stands out as being the brightest and most red source. This is the newly discovered outflow source (Gålfalk & Olofsson 2007 ) that could not be shown to have excess in Fig. 8 because of saturation in the Spitzer data.
Defining the interstellar reddening and identifying additional YSOs
We first consider the I − J vs J − K S diagram (Fig. 9 ). Red asterisks mark sources with a clear excess at 8 µm, and green circles denote sources not detected in the [8.0] band. In this Figure, both the I and J band sensitivity limits the sample we can use. This is shown in Figure 10 where the observed I and J band fluxes have been calculated for increasing distances towards the cloud edge and increasing extinctions within the cloud. For late MS M-type stars both I and J limits the sample to a few magnitudes of extinction in the J band. However, for earlier spectral types and younger PMS stars it is the I band that sets the limit to which stars can be used (because of the higher extinction at 790 nm). The 'normal' stars in the I − J vs J − K S diagram (blue plus signs) occupy a band defined by the reddening vector and the curve of model stellar atmospheres. The lower border of the reddening band is relatively well defined. The slope is 1.81, meaning that E(I − J) = 1.81E(J − K S ). It is interesting to note that only a few of the stars with excess at 8 µm (red asterisks in the Figure) have significant excess emission at K S .
We next turn to the J − K S vs K S − [3.6] diagram ( Fig. 9 , lower panel). Again, we can relatively well define the reddening vector from the normal stars, and we get E(J − K S ) = 4.5E(K S − [3.6]). The reason for the 'blue' sources (plus signs) being slightly offset to the left of the reddening band (by about 0.2-0.3 magnitudes) is probably due to the calibration of the 3.6 µm observations. We note that many of the stars with excess emission at 8.0 µm also show excess emission at 3.6 µm. It is also clear that some of the objects not detected at 8 µm have significant intrinsic excess emission at 3.6 µm. Taking the photometric accuracy for the individual sources into account, we can add these sources to the list of YSO candidates having intrinsic IR excess emission. The J − K S vs K S − [4.5] diagram ( Fig. 11) essentially confirms what is shown in the previous diagram. The slope of the reddening vector is 3.64 and thus
Finally, we consider the Fig. 11, lower panel) . Also in this case there is a well-defined reddening vector,
It is interesting to note that the stars with mid-IR excess emission are spread along a locus roughly parallel to the reddening vector, indicating that these excess stars could well have intrinsic colours that differ far less than the observed colours.
Sources not detected at 8.0 µm that are shown to have intrinsic mid-IR excess using colour-colour diagrams like these have been added to our list of YSO candidates. All sources with intrinsic mid-IR excess are marked by bold style source numbers in the Tables.
In Fig. 13 we summarize the reddening information derived above and as a comparison we show the theoretical extinction curve calculated by Draine et al. (2003) for R = A V /E(B−V) = 5.5. The reason why the calculated extinction in the [3.6] and [4.5] bands are significantly lower than the observed ones is not quite clear, but at least part of the explanation must be absorption bands of ices which are not included in the model. There may also be an additional dust component, not included in the model, which adds significantly to the mid-IR extinction, as a similar lack of a deep extinction minimum around 5-6 microns was observed by ISO in the diffuse interstellar medium towards the Galactic Centre (Lutz et al. 1996) .
We note that the ratio E(I − J)/E(J − K S ) = 1.81 corresponds to an exponential extinction law:
where
solving this equation gives β = 1.58 and since
we get an empirical absolute J-band extinction of
Equation 4 is used to correct our J band photometry for extinction, where E(I − J) 0 has been found from relating observed and model stellar colours in the I − J vs.
An extrapolation of this power law (β = 1.58) to zero wave number gives A K s = 0.8E(J − K S ) (see Fig. 13 ). The theoretical value is similar, namely A K s = 0.67E(J − K S ). Even though there is a discrepancy between the observed and the theoretical extinction in the [3.6] and [4.5] bands, we adopt this latter value and we get the following extinction law:
Photometric classification and corrections for extinction
We return to the I − J vs J − K S diagram ( Fig. 9 ) and note that, assuming no excess emission in these bands, it is possible to de-redden M-type stars and both determine their temperature and the (absolute) extinction. As the spectral energy distribution peaks in this wavelength region for these stars we can determine their luminosity with a reasonable accuracy. On the other hand, for hotter stars we need independent spectroscopy for the extinction correction. After de-reddening the M stars in the I − J vs J − K S diagram we obtain the intrinsic (I − J) 0 colours from where the de-reddening lines crosses the model curve. Using polynomial fits of bolometric correction BC(J) and T eff to intrinsic colours (I − J) 0 , as shown in Figure 14 , we then calculate the luminosities and effective temperatures from photometry. The results are presented in Table 5 .
Spectral classification
In total we have taken optical spectra (5780-8340 Å) of 53 sources in L1641N, the observation log and results are presented in Table 6 and the spectra themselves in Fig. 24 . These stars were selected from our I band image and time constraints of our two spectroscopic observing runs, starting with spectra of the brightest I band sources and observing progressively fainter stars until the total exposure time needed for a single spectrum reached about 2 hours.
In order to compare our observations to evolutionary models, we need the effective temperature, T eff . For this determination we use synthetic spectra provided by P. Hauschildt (personal communication) and in Table 6 we give the results, where we also include the photometrically determined temperatures. The agreement is relatively good (see Fig.15 ) and the scatter is about 200 K (1 σ). These GAIA-V2.0 LTE model spectra cover T eff = 2000 − 4000 K in steps of 100 K (late K and M spectral types). Smoothing was used to adapt the grid of high-resolution model spectra (0.1 Å resolution) to the resolution of the obser- Table 5 . Photometric mass and age estimates. vations. We assumed a surface gravity of log(g) = 4.5 for all stars and used the extinctions, A J , obtained from photometry to deredden the spectra. 2) with a surface gravity of log g = 4.5 have been used for calculations in the temperature range 2 000-10 000 K with a step size of 100 K (circles). The blue curves are fits made using all effective temperatures, while the red curves are more accurate fits in the 2500-4000 K region (which we use in our photometric temperature determinations).
For the temperature fits, we used TiO (Valenti et al. 1998 ) absorption band heads (spectral types earlier than M6), VO absorption features (later than M6) and the general shape of the spectra. If a photometrically obtained extinction differed markedly from that observed in a spectrum, we re-fitted A J spectroscopically using the same extinction law as in the photometry. In the visual comparison, we normalized the flux between the models and the spectra using a plateau around 7500 Å. The fit in temperature (and thus the spectral type) has roughly the same accuracy as the model steps themselves (100 K). Our effective temperatures agree fairly well with those also found from K band spectra in Hodapp & Deane (1993) , especially for early spectral types. A few of the late-type stars in our sample (L1641N-73, 145 and 192) have much lower temperatures (about 1000 K) than those found from the K band spectra.
The luminosity of the spectroscopic sample is calculated in the same way as for the photometric sample, by de-reddening the stars in the I − J vs J − K S diagram (yielding the extinction A J and intrinsic colour (I − J) 0 ). However, if the extinction found photometrically does not fit the spectrum, A J is instead estimated from a spectroscopic fit. Then follows calculations of the bolometric J band correction, BC(J), and finally the luminosity is calculated (assuming a distance of ∼450 pc).
Most of the stars clearly have late type (mostly M) spectra typical of young dwarfs. One way to confirm their youth, and thus that they belong to the cluster, is the presence of Hα in emission (tracing accretion) and Li I λ6707 in absorption (lithium has been destroyed in more evolved pre-main sequence stars). In Fig. 25 we show some cases that have both, and in Table 6 we give the equivalent widths of these lines where applicable. Even though the spectral resolution of our spectra (R=830) is marginal for detecting the Li 6707 line, in particular as the S/N is in general poor due to the faintness of the stars, it was found present in many stars.
With the exception of the four brightest stars, almost all of the spectra show Hα in emission and are of M-type. Since also main sequence M dwarfs frequently show Hα in emission, this by itself is not enough to classify them as YSOs. On the other hand, the combination of intrinsic IR excess and Hα emission is a reliable indication of YSO status. In addition, if the star exhibits interstellar reddening, it must be at least at the distance of the cloud, and we can judge from its luminosity if it is a PMS star. Fig. 15 . Comparison of spectroscopic and photometrically derived effective temperatures. The solid line indicates where T eff (spec) = T eff (phot). As can be seen in the lower panel, the residuals are fairly well centred on the solid line with a standard deviation of a few hundred Kelvins. The red asterisks represent two sources, L1641N-120 and 121, having larger residuals than the other stars. This is probably caused by a small amount of intrinsic excess emission in the K S band (enough to keep them within the reddening band in Fig. 9 but yielding higher photometric temperatures).
3.7. Contamination and multiplicity in the YSO sample 3.7.1. Background sources An optical (or I band) image of L1641N shows that the extinction is high across the whole cluster. Our I band image shows a total of 87 sources down to I ∼22.5 mag while the K S images show most of the Spitzer sources and many additional sources (limiting magnitude K S ∼19.5 mag). It is very likely that a number of K S sources in fact are extragalactic objects. However, as can be seen in the comment column in Table 10 none of the I band sources appear to be extragalactic. As we need I band photometry (or spectra at similar wavelengths) to calculate the luminosities and effective temperatures used in the H-R diagram, most likely we have no extragalactic objects in the sample we used to calculate the MF.
The situation is similar for the [4.5] and [8.0] observations, which are the main filters we use to find YSO candidates through intrinsic IR excess. The extinction is much less at these wavelengths. Even so, given the very high background (and high contrast) in these filters due to PAH emission (Fig. 3) , the sensitivity limit is severely affected. It is therefore unlikely that any extragalactic sources are included as YSO candidates. This is supported by the (Fig. 8 ) in which just a few sources are seen below the 'extragalactic contamination' line. In addition, all these sources have a point-like appearance in the K S band.
Background giants is another possible source of contamination. However, for all YSO candidates with intrinsic IR excess (Table 11 ) and for most of the non-excess YSO candidates (Table 12) we have other evidence for youth and cluster membership. Even though we cannot rule out the possibility of background giants among the non-excess YSO candidates, for which we lack spectra and for which the extinction A J is high, these should be very few. 
Early type and foreground stars
Given the distance to L1641N (d∼450 pc), and the limiting magnitudes of our I, J and K S observations, we expect that all MS foreground stars are seen in the observations (see Fig. 10 ) . Cluster membership status for the late type stars in our sample is found through a combination of intrinsic IR excess (from dust), spectral lines (Hα in emission, Li 6707 in absorption) and extinction. This method is less applicable for earlier, more massive young stars (which have a much quicker star formation process). The earliest stars in our sample (F and G stars) have virtually no extinction and are much brighter than the rest of the stars (predominantly M-type stars). Since there are no Hipparcos data for these sources, we could not make distance estimates from parallaxes.
The six earliest (and therefore among the most luminous) stars in our spectroscopic sample are listed in Table 7 . Their high apparent brightness could be caused by a combination of nearby distance, low extinction and high intrinsic luminosity. Using spectra to calculate their extinctions and distances, cluster membership status can be investigated. We assume in the calculations that these stars have all reached the MS (because of their relatively high temperatures and thus higher masses), however, the coolest of these are more likely to yield closer MS luminosity distances than their actual distances since they are probably still pre-MS stars and thus brighter than assumed.
Both L1641N-60 and 210A are YSO candidates, with measureable J band extinction, and thus belong to the cluster even though the MS luminosity distance of 210A is only 179 pc (a bright PMS star). We will return to this later, as it is supported by their positions in the H-R diagram.
From the Wainscoat et al. (1992) model of the galaxy, we should expect about four foreground stars for spectral types F0-K5. This agrees with the four F-G stars we see in the sample. However, we should then also expect roughly nine M-type foreground stars, whereas we see virtually no late-type foreground stars. These would show up as M stars with almost no extinction, but for most of these stars we instead have evidence for them being YSOs. For the four early type stars, we find no signature of youth. From this result, combined with the lack of extinction, we must assume that these F and G stars are foreground stars.
Double sources
Using our I, J, K S and L images we have visually detected eight double sources in the sample. These are listed in Table 8 including coordinates, separations and component photometry. We do not claim that these are physically bound binaries, although the ones with small separations most probably are. The criterion we use is that they are not resolved in the Spitzer observations.
Most of the doubles with fairly small separations were found by subtracting a fitted PSF from all sources in the sample, sometimes revealing a second component. In Figure 16 some of these subtractions are shown for both double sources (primary subtracted) and reflection nebulae (illuminating source removed to decrease contrast).
In all Tables we have used the suffix a (primary) and b (secondary) when we denote the components of a double source, and no suffix when a double is treated as a single source. We find a double frequency of ∼9 % using all our YSO candidates, however, since we can only detect fairly bright and wide doubles (separations > ∼ 0. 6), this means that a lot of the multiple YSO systems are most likely not resolved. Also, the very young, deeply embedded (Class 0) sources are not detected in the I, J or K S bands, which we use for our (wide) double source statistics.
There is clear evidence in literature that the binary frequency decreases with stellar mass. Duquennoy et al. (1991) found a binary frequency of ∼57 % for G-dwarf primaries and Marchal et al. (2003) a binary frequency of ∼27 % for M0-M6 dwarfs. Ahmic et al. (2007) report a binary frequency of ∼11 % for young very low mass objects (∼0.03-0.15 M ) in the Chamaeleon I star formation region using adaptive optics on the VLT, confirming the trend for a lower binary frequency with decreasing mass. This agrees well with the study by Bouy et al. (2006) that uses HST to look for BD binaries in the Pleiades (∼13.3 %). We thus expect a binary frequency in our YSO sample of 20-30 %, suggesting that there are unresolved binaries in our sample. We do not detect any visually unresolved doubles in our spectroscopy, all stars can be fit with a single model -this does however not mean that these are all single stars. If the effective temperatures of both stars are roughly similar or the luminosity contrast is high, a double source could easily go unnoticed.
The resulting YSO sample and H-R diagram
The full list of YSO candidates is divided into two parts, YSOs with intrinsic IR excess ( Table 11 ) and YSOs that lack IR excess (Table 12 ). In total, we find 89 YSO candidates.
In addition, we have divided the sources into five categories, depending on the main method for classifying them as YSO candidates. These are given in the Tables for each source. The first three categories are used for sources where we have spectra. Category I is for YSO candidates where Hα is seen in emission and Li I λ6707 in absorption. Category II for Hα in emission together with IR excess. Category III are YSOs with non-zero extinction, implying that they are located inside the cloud. In addition, they are located on a PMS track in the H-R diagram when this extinction has been corrected for.
For stars that are too faint for optical spectroscopy, we use category IV for sources with non-zero extinction, a point-like appearance in the I, J and K S images and a H-R position on a PMS track. And finally, category V are YSO candidates with intrinsic IR excess as the only evidence of youth.
There are two additional YSOs in the list, L1641N-124 and 172. Both have intrinsic IR excess but are also the suggested sources for the two giant H 2 flows in L1641N. There are probably many more YSOs in L1641N than in our YSO lists, since we have to detect each candidate in either the [5.8] and [8.0] filters (for evidence of IR excess) or the I and J band filters (for extinction estimates). These Spitzer filters have a high contrast background from PAH emission bands that effectively masks faint point sources at these wavelengths, and the I and J bands are limited by interstellar extinction even at fairly low extinctions (see Fig. 10 ).
The resulting H-R diagram for all YSO candidates, for which extinctions could be calculated is presented in Figure 17 . Evolutionary tracks (blue curves) are shown for 0.10-1.80 M in steps of 0.05 and for 1.80-3.00 M in steps of 0.10 (Dotter et al. 2007 ). Isochrones are marked by red dashed curves and the extinction (A J ) to which the survey is complete is illustrated by orange curves. All YSO candidates are plotted with green asterisks, with the addition of parentheses for the four suggested (early type) foregrund stars and source numbers for double sources.
Using this H-R diagram we have determined the mass and age of each YSO candidate (Tables 5 and 6 ). The luminosity function, mass function, effective temperature and age distributions for this sample are presented in Section 3.10.
Uncertainties in the H-R diagram
There are several complicated sources of uncertainty in the age and mass determinations using a H-R diagram. The two most important observational challenges are variability and multiplicity.
As mentioned previously, young stars are often variable because of variable accretion onto the star, large star spots and variability in the extinction towards the star -colours could Fig. 16 . K S band images of reflection nebulosity (left panel) and double sources (right panel) with and without the main source (illuminating source and primary, respectively) removed using a normalized PSF from an isolated star. Each image has a field size of 34. 7 × 34. 7. therefore be affected by this and observations should ideally be made in all filters within a very short time frame. For fairly bright sources we have used 2MASS photometry for J-K S colours since these are simultaneous observations. Our I band observations, however, were made at a different epoch, adding an uncertainty to the I-J colours. Also, our J and K S band observations were made at two separate epochs.
It is generally believed that many young stars are binary systems (e.g. 79-86 % in sources driving giant HH flows, see Reipurth 2000) , and by using all our observations at different wavelengths we have detected 9 % of the sources in our YSO sample to be double sources. If one could detect and include all true binaries in the H-R diagram this would of course increase the number of available sources, but also increase the stellar age estimates due to the components being fainter than the total flux from a binary. Observationally, this would require very high resolution imaging using adaptive optics or interferometry, since spectroscopy probably would fail because of spectral variability in these young sources.
Since the components of a binary star are expected to have formed at roughly the same time (except for binaries formed in gravitational encounters between two pre-MS stars) we expect that the ages are similar for both components. As can be seen in the H-R diagram, although some of the double sources (especially L1641N-66) have components on isochrones of similar age, there are double sources with components that do not appear coeval. The fact that L1641N-210b is located at a lower mass than what is covered by the evolution tracks and the decreased accuracy for older stars (such as L1641N-144) makes a comparison difficult.
Another uncertainty in the H-R diagram is the distance module. The distance to the Orion GMC, and therefore Orion A which L1641N belong to, is poorly determined, in part due to its extension. E.g. Brown et al. (1994) finds a distance of 320 pc Fig. 17 . H-R diagram of the full (spectroscopic and photometric) sample for which we could obtain effective temperatures and extinctions. The evolution track models (blue curves with masses indicated) were obtained from the Dartmouth Stellar Evolution Database (Dotter et al. 2007) . Isochrones are drawn with red dashed lines and their ages shown on the right side of the grid. Observations are marked using green asterisks, with parentheses for the suggested four early foreground stars and source numbers given for double sources. The orange curves and numbers illustrate the completeness of the survey across the grid in terms of the A J extinction.
to the near edge of the Orion A & B clouds and 500 pc to the far edge. We have used the canonical distance of L1641N, which is 450 pc. A closer distance would mean that all sources are moved further down in the diagram. This would not affect the mass determinations very much since the evolution tracks are almost vertical in the H-R diagram, except for older or more massive stars.
Regarding the models, neither increased luminosity due to accretion nor excess emission from possible disks are included. Reflected light in the atmospheres of the stars could also play a role. The inclination of an YSO with a disk could be another source of uncertainty in the luminosity estimate, since the extinction correction assumes that the disk and interstellar extinction laws are the same.
Most of the uncertainties mentioned in this section affects the luminosity determination and therefore mainly the age estimate of a star, while the mass estimate is much more accurate (especially for low mass stars) because of the general direction of the evolution tracks. The uncertainty in mass is particularly small for the spectroscopic sample where the effective temperatures have been determined to within 100 K.
The Mass Function
We have used both our spectroscopic and photometric sample to calculate the cluster mass function in L1641N. Stars for which we have spectra have more accurate estimates of stellar mass, given that T eff is fit directly from the spectra.
In Figure 18 we have plotted the resulting Luminosity Function (LF), effective temperature distribution, age distribution and Mass Function (MF) for the full sample, and two MFs with different completeness in A J , minimum mass and maximum age (given in the Figure) . From the T eff distribution it is clear that most stars in the sample are M-type stars. Fig. 18 . Resulting temperature, luminosity, age and mass functions for the YSO sample shown in Fig. 17 . The first four panels include all sources in the H-R diagram while the last two panels show the MF for the completeness limits given above the respective panels (the limiting mass is also illustrated by the red dotted lines). The red, hashed region in the age plot illustrates stars with intrinsic IR excess (disk stars). It is interesting to note that even though the excess YSOs are present at all ages, seven out of the eight youngest YSOs in the sample have IR excess.
Looking at the age distribution, it is clear that intrinsic IR excess (disk) stars are present at all ages. We note that seven out of the eight youngest YSOs in the sample have IR excess. The median age of all YSOs is found to be ∼ 1 Myr.
The MF that includes all sources in the sample is biased by bright (young and/or hot) sources being seen at higher extinctions than faint sources. The two additional MFs are unbiased within the completeness limits given in the last two panels in Fig. 18 , and illustrated by the red dashed lines, marking the minimum mass for which the MFs are complete. The mass distribution peaks at about 0.3-0.4 M for all three MFs, and is fairly flat for masses lower than the peak until the mass completeness limits are reached in both un-biased MFs. The mass function is thus broadly consistent with IMFs found elsewhere in literature, showing a turnover or plateau at a few times 0.1 M (Elmegreen 2008 ; Elmegreen et al. 2008 ) -keeping in mind the limitations set by small number statistics, limited mass range, unresolved binaries, more low-than high-mass members leaving the cluster due to close encounters but also a possible counter-acting selection effect of low-mass YSOs being easier to find than higher mass YSOs due to varying disk lifetimes.
The methods we use to find our YSO candidates are differently sensitive to extinction (e.g. mid-IR excess detects YSOs at much higher extinctions than optical spectroscopy) and the processes involved (e.g. YSOs that have dispersed their disks are harder to find due to no IR excess). But, we need I, J and K S photometry for all sources that we include in the MF, since this is used to calculate the absolute extinction A J and in turn the stellar luminosity (also the effective temperature for sources where we lack spectra). Therefore, both un-biased MFs are complete to the limits in A J , age and mass given in Fig. 18 . These limits were found using the (orange) completeness curves in Fig. 17 which in turn where calculated using a grid of stellar temperatures and luminosities as input parameters (combined with the filter transmission curves and limiting magnitudes). The K S observations are deeper and the least sensitive to extinction of the three filters, therefore the I and J photometry sets the completeness limits (as illustrated in Fig. 10) .
Given the large amount of sources confirmed as YSOs from our spectra, there is probably a large number of deeply embedded YSOs in the full L1641N source catalogue that we miss in our MF (since we need I and J photometry to include them). In other words, we cannot go much deeper than a few magnitudes in A J if we want to include sufficiently low mass YSOs in the statistics. We also note that the number of sources in each mass bin is fairly small and that there may be a problem in general with cluster IMFs if the velocity dispersion of stars in a cluster (as will be discussed in the following section) depends on stellar mass.
Star formation history
From the H-R diagram (Fig. 17) we can obtain the stellar ages and thus the star formation (SF) history of most stars in the H-R sample. The SF history is shown at two scales in Figure 19 in a cumulative manner, the number of stars formed in the sample versus time. The time spans are 120 and 5 Myr with 100 bins, meaning bin sizes of 1.2 and 0.05 Myr, respectively. The blue dashed curves represent simple theoretical models that assume a gravitationally unbound cluster with constant star formation rate (one star in 3.7 × 10 4 yr, based on the last 1 Myr of our sample) and stellar velocity dispersions of 1 and 3 km/s, respectively. For simplicity, all stars are assumed to form at the centre of the cluster in this model.
Given that the uncertainty in the H-R age determination increases drastically with age, due to the slow luminosity change with time close to the main sequence, we cannot say with confidence that the first few stars in the plot really are older than ∼50 Myr. However, below this age the estimates are more certain and we see an accelerating increase in the number of stars with time. It is interesting to note the large number of old stars (for Orion), we detect 11 stars older than 10 Myr. There are at least three possible reasons for this; the star formation process could be very slow to start, some older stars could have drifted into L1641N or star formation has actively been going on for a very long time but the velocity dispersion has moved most of the older stars out of the cluster while the younger stars (<1 Myr) are still close to their birth sites. There is however an alternative, observational explanation for these old stars. Some of the YSOs with disks might be seen almost edge-on, so that mostly reflected light is detected, making them look fainter and thus older (as hinted by the fact that some of the oldest YSOs show IR excess). Evidence for old members in the Orion cluster, using both H-R diagrams and models of Li burning can be found in e.g. Palla et al. (2007) where several stars appear to have ages of 15-30 Myr. Figure 20 shows the spatial age distribution. Four deeply embedded (and presumably very young) sources, two of these being the outflow sources for the major outflows, are marked by asterisks. Different symbols and colours (red being the youngest and blue the oldest) are used to illustrate eight different age groups. The arrows show the direction and outflow sources of the two major bi-polar outflows in the region (Gålfalk & Olofsson 2007) . There is no very clear relation between age and spatial distribution seen in this plot, but it is evident that the most embedded (and presumably youngest) sources, including the two outflow sources, are located close to the centre of the cluster.
In Figure 21 we have divided the YSOs into two groups (younger and older than 1.5 Myr, respectively) and plotted their relative cumulative radial distribution versus distance from the centre of L1641N (using the 2 mm continuum dust peak of Chen et al. (1995) as the centre point). The sources in the younger group are clearly found closer to central L1641N than the older group. A spatial separation is also found if e.g. 0.5 or 1.0 Myr is used to divide the two groups. The exact centre of the cluster is difficult to pinpoint without a wide-field study (Fig. 20 suggests that the centre might be somewhat to the southeast of the IRAS source), thus the best we can do is to assume that the dust peak (very close to the IRAS source) is located at the exact centre. Madsen et al. (2002) have used Hipparcos data to calculate the velocity dispersion of stars in young clusters and associations. They find typical velocity dispersions of roughly 1 km/s. For L1641N, a 50 Myr star with such a velocity would (at most) have moved about 40 times the field of view in Fig. 20 and a 1 Myr star at most about one field size (if the velocity is perpendicular to the line of sight).
As can be seen in Fig. 19 the star formation rate is roughly constant during the last 1 Myr (the youngest age bin includes the four very embedded sources marked by asterisks in Fig. 20) . We estimate a star formation rate of one star in 3.7 × 10 4 yr. The high current star formation rate agrees very well with the presence of two major outflows (the outflow phase has a duration of ∼10 5 yr ; Reipurth et al. 2001 ) and the very high concentration of HH objects in L1641N. These results agree with the scenario suggested by Hodapp et al. (1993) of ongoing successive formation of individual stars (although over a larger time span than the suggested 1 Myr) with no clear sign of a star burst event.
Our results support the possibility that star formation in L1641N could have been going on at a fairly constant rate for a very long time, but only appears to have an increased rate with time and a current maximum because of velocity dispersion, making more and more YSOs leave the cluster as they age. The measured curve in Fig.19 has a shape similar to a simple model curve that assumes a constant star formation rate over a very long time with constant velocity dispersion (3 km/s) and an un- Fig. 19 . Cumulative star formation history plot for the sample where ages could be determined. The blue (dashed) curves are simple theoretical models assuming a constant star formation rate, an unbound cluster and velocity dispersions of 1 and 3 km/s, respectively. bound cluster. If there is a relation between stellar mass and the probability of a star to leak out of a cluster with time, e.g. lowmass stars being more easily thrown out due to close encounters (see e.g. Delgado et al. 2003, Sterzik and Durisen 2003) , this could affect cluster IMFs in general (unless the surveyed region is very large) in addition to the star formation history.
Summary and conclusions
In this detailed study of the L1641N cluster, a nearby star formation region in Orion, we have used space based (Spitzer and ISO 3.6-14.3 µm) and ground based (I, J, K S and L ) imaging, as well as optical spectroscopy (5780-8340 Å) of a large number of sources in an effort to find YSO candidates. YSO candidate status is found through a combination of mid-IR excess (presence of a disk), Hα emission (accretion), Li non-depletion (sign of youth) and extinction (cluster membership).
We have calculated colours of normal stars for the IRAC, I, J and K S filters and used a I − J vs J − K S diagram (and spectroscopy) to calculate extinctions, luminosities and effective temperatures. We investigate statistical properties of this YSO sample through double sources, extinction, effective temperatures, age distribution, spatial distribution, star formation history and the Mass Function (MF) for different completeness limits. The following results were obtained:
1. We detect a total of 216 Spitzer and I band sources within the region of our ISOCAM survey.
2. Using the observations and criteria mentioned above we have found 89 YSO candidates in the sample.
3. Most of the spectra show M-type stars, with Hα strongly in emission, that belong to the cluster. Although the spectral resolution is somewhat low (R=830) we also detect Li I λ6707 in absorption in many of the sources.
4. The four brightest stars in the I band observations, which are also shown to have the earliest spectral types (F and G stars), are very likely foreground stars to L1641N.
5. We find that the interstellar extinction is well fit by a power law (index = 1.58) in the optical and near-IR, although in the mid-IR (Spitzer) the observed extinctions are higher than expected from theory.
6. Extended PAH emission is seen in high contrast all over L1641N, we suggest that the illuminating source is ι Orionis (an O9 III star 30 to the north, distance ∼400 pc).
7. Using Spitzer, K S and deep 2.12 µm H 2 observations we suggest that IRAS 05338-0624 (the only IRAS source in L1641N) is in fact the combined flux of at least four sources (and possibly some reflection nebulosity).
8. We find a double source frequency of ∼9 % using all our YSO candidates, however, we can only detect fairly bright and wide doubles (separations > ∼ 0. 6), meaning that a large number of double/multiple YSO systems are probably not resolved.
9. The median age of our YSO sample is ∼1 Myr. 10. The unbiased MFs peak at about 0.3-0.4 M with an essentially flat distribution for lower masses.
11. We find a star formation history with an accelerating increase in the number of stars with time, but note that this could be caused by migration of stars with time from the cluster and that a velocity dispersion of a few km/s (which is typical in star formation regions) is enough to account for this effect. We detect some very old stars (for Orion) of up to ∼50 Myr (11 of the stars are older than 10 Myr). 12. A more or less constant star formation rate is found during the last ∼1 Myr and estimated to be one star in 3.7 × 10 4 yr. This agrees with the presence of two major bi-polar outflows (the outflow phase has an expected duration of ∼10 5 yr ; Reipurth et al. 2001) .
13. We find a spatial separation between older and younger YSOs (e.g. using a dividing age of 0.5, 1.0 or 1.5 Myr) from the distribution of the two groups. This shows that velocity dispersion is an important factor to consider when investigating the star formation history and possibly also the IMF (hence we calculate the MF). In fact, a star with the typical velocity of ∼1 km/s could leave L1641N in a few Myr.
14. These results agree with a star formation process that has been slow to start. Another possibility is a roughly constant star formation rate over a very long time scale, where the star formation rate only appears to increase with time and have a current maximum because of the velocity dispersion, making more and more YSOs leave the cluster as they age. If there is a relation between stellar mass and velocity disperson, cluster IMFs in general could be affected unless the surveyed region is very large. Fig. 21 . Cumulative radial distribution of YSOs. The relative number of sources versus distance from the 2 mm continuum dust peak (Chen et al. 1995) at the centre of L1641N. The younger group (0-1.5 Myr) is clearly more concentrated towards the centre while the older group (> 1.5 Myr) is more spread out (similar to a uniform distribution, dashed curve). This supports the age determinations and shows that the velocity dispersion of the cluster members is large enough that the older YSOs have had time to move away significantly from their birth sites. Continued on next page... Continued on next page... 
